U n c e r t a i n t y u n d e r d i f f e r e n t c o n t e x t s
Introduction
On a daily basis we are confronted with uncertainty about the outcome of future events. In some uncertain situations we may be able to predict the outcome, or weigh up the options and make a choice, whilst in other uncertain situations we have no control of the outcome, whatever it may be. Individuals who are high in intolerance of uncertainty (IU) are described as having a 'dispositional incapacity to endure the aversive response triggered by the perceived absence of salient, key, or sufficient information, and sustained by the associated perception of uncertainty' (Carleton, 2016b, p 31) . IU has been linked to many mental health disorders that have an anxiety component e.g. anxiety, depression and obsessive compulsive disorder (Gentes & Ruscio, 2011; McEvoy & Mahoney, 2012) . On this basis the study of IU has gained substantial momentum in recent years and now sits at the forefront of anxiety research (Grupe & Nitschke, 2013; Tanovic, Gee, & Joormann, 2018) . Initial work shows that individuals high in IU, relative to individuals low in IU, display heightened physiological and neural activity to uncertainty across several
inherently uncertain, as at the start of extinction the contingencies are unknown. This likely induces uncertainty-induced anxiety in individuals with high IU. For example, after 100% reinforcement, high IU, relative to low IU individuals have been found to show generalized skin conductance response and amygdala activity across threat and safety cues during early extinction, and to show continued skin conductance responding and amygdala activity to threat versus safety cues during late extinction (Morriss, Christakou, & van Reekum, 2015 . Moreover, after 50% reinforcement, high IU has been found to be associated with generalized skin conductance responding to stimuli that vary in similarity to the learned threat cue during extinction (Morriss, Macdonald, & van Reekum, 2016) .
The evidence for the role of IU on basic threat uncertainty is mixed (Bennett, Dickmann, & Larson, 2018; Gole, Schäfer, & Schienle, 2012; Grupe & Nitschke, 2011; Schienle, Köchel, Ebner, Reishofer, & Schäfer, 2010; Somerville et al., 2013) .
In the basic threat uncertainty tasks the uncertainty and valence parameters are known, thus the goal of the participant is to tolerate the potential for an uncertain aversive event. For example, participants will be presented cues that predict either negative or neutral pictures (Grupe & Nitschke, 2011) , or will follow a predictable or unpredictable countdown to a negative or neutral picture (Somerville et al., 2013) .
Therefore, these tasks are labelled as 'basic' because there is no associative learning or action to be made. The need to tolerate uncertain threatening outcomes may invoke some uncertainty-induced anxiety in individuals scoring high in IU.
During these tasks, individuals high in IU, relative to low IU have been shown to exhibit heightened amygdala activity to cues conveying uncertainty (Schienle et al., U
results for an effect of IU on anticipatory physiological responses (Bennett et al., 2018; Grupe & Nitschke, 2011) .
There is a small albeit emerging literature on the role of IU in decision-making.
The decision-making tasks that have been used to examine IU vary substantially. In the majority of the decision-making tasks the uncertainty and valence parameters are known, and the goal of the participant is to make optimal decisions in order to gain reward and avoid loss. In these tasks decisions under uncertainty must be made and cannot be avoided, thus these tasks may invoke some uncertaintyinduced anxiety in individuals scoring high in IU. Individuals high in IU have been found to report more distress (Jacoby, Abramowitz, Reuman, & Blakey, 2016; Jacoby, Reuman, Blakey, Hartsock, & Abramowitz, 2017) and make more draws to decision on the beads task (Jacoby, Abramowitz, Buck, & Fabricant, 2014; Ladouceur, Talbot, & Dugas, 1997) . In addition, a few studies have demonstrated that high IU individuals are more likely to choose immediate smaller rewards over waiting for larger rewards Luhmann, Ishida, & Hajcak, 2011; Tanovic, Hajcak, & Joormann, 2018) . Taken together these findings suggest that individuals scoring high in IU will seek more information to reduce uncertainty and will not wait to make a decision when there is no additional information about the uncertain outcome. Despite this progress, there are a lack of studies that have examined how IU may impact anticipatory physiological responses during decisionmaking.
What is noticeable from the areas of research outlined above is that they all contain aspects of anticipation (Morriss, Gell, & van Reekum, 2018) . Whether it be the anticipation of: (1) a learned uncertain threat outcome, (2) a known uncertain threat outcome or (3) making a decision under uncertainty. Despite the advances in 
the field, there is a scarcity of research examining the extent to which anticipatory physiological responses and individual differences in IU are shared or discrete depending on the type of uncertain context. This makes it difficult to assess the generalizability or specificity of IU-related physiological profiles and their relevance to psychopathology models and aetiology (Shihata, McEvoy, Mullan, & Carleton, 2016) .
Based on this, the following study attempted to fill in some of the gaps in the literature by measuring anticipatory physiological responses to different uncertain contexts: an associative threat learning task with acquisition and extinction phases (Morriss et al., 2015; Morriss, Christakou, et al., 2016 ); a basic uncertainty task with cues that predict negative or neutral pictures (Gole et al., 2012; Grupe & Nitschke, 2011; Schienle et al., 2010) ; a decision-making task where uncertain stimuli are categorised in the absence of reward or loss.
The associative threat learning and basic uncertainty tasks were similar to those that had already been designed to assess IU. Both these tasks included anticipated aversive outcomes, as previous literature using these tasks has focused on the interaction between IU, levels of uncertainty, and threat (Grupe & Nitschke, 2013; Tanovic, Gee, et al., 2018) . The decision-making task was designed to assess the anticipation of making a decision in the absence of valenced outcomes. The majority of previous studies on IU and decision-making have focused on reward and loss. However, it is unknown whether decision-making under uncertainty in the absence of valenced outcomes is aversive enough to modulate anticipatory physiological responses. Indeed, previous research has observed IU to modulate other psychological mechanisms such as attention in the absence of threat (Fergus,
Throughout the tasks anticipatory physiological responses were measured using skin conductance and corrugator supercilli activity. Skin conductance response is thought to capture arousal (Dawson, Schell, & Filion, 2000) and corrugator supercilli activity is thought to capture valence (Tassinary, Cacioppo, & Vanman, 2007) . For example: (1) greater skin conductance response is observed for both negative and positive pictures, relative to neutral pictures, and (2) greater corrugator supercilli activity is observed for negative, relative to positive and neutral pictures (Bradley & Lang, 2000) . The advantage of recording both skin conductance response and corrugator supercilli activity is that it may reveal whether there are specific aspects of arousal and valence related to IU and anticipation during the different uncertain contexts.
Alongside the physiological measures, ratings of threat vs. safety cues were recorded for the associative learning task, and choices and reaction times were recorded for the decision-making task. In addition, self-reported IU and trait anxiety (STAI) (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) were measured.
STAI is a popular measure for self-reported anxiety and has been used in associative learning, basic threat uncertainty and decision-making literatures (Grupe & Nitschke, 2013; Hartley & Phelps, 2012; Lonsdorf & Merz, 2017) . To assess the specificity of IU during different uncertain contexts, it is useful to contrast it with other self-reported anxiety measures such as STAI (for discussion see Morriss, Christakou & van Reekum, 2016) .
For the associative learning task it was predicted that all participants would display greater expectancy ratings, skin conductance and corrugator supercilli activity to learned threat (CS+) vs. safety (CS-) cues during acquisition, and that the differential response to the CS+ vs. CS-for skin conductance and corrugator 
supercilli activity would reduce over time during extinction. Given previous research, it was predicted that individuals scoring higher in IU would show heightened skin conductance and corrugator supercilli activity during extinction (Morriss et al., 2015; Morriss, Christakou, et al., 2016; Morriss, Macdonald, et al., 2016) . No predictions were made for IU and expectancy ratings during the associative learning task, due to the lack of findings in previous studies.
For the basic threat uncertainty task it was predicted that all participants would exhibit larger skin conductance and corrugator supercilli activity to: (1) cues predicting certain negative pictures vs. cues predicting uncertain pictures and cues predicting certain neutral pictures, and (2) negative pictures following certain cues vs. negative pictures following uncertain cues and neutral pictures following uncertain/certain cues. Moreover, it was predicted that higher IU would be associated with greater skin conductance and corrugator supercilli activity to the uncertain cue and to negative pictures following an uncertain cue, relative to the other conditions.
Lastly, for the decision-making task, it was predicted that all participants would display relatively accurate choices based on probability. In addition, it was predicted that all participants would show larger reaction times, skin conductance and corrugator supercilli activity when making decisions on uncertain stimuli vs.
certain stimuli. Furthermore, it was predicted that individuals scoring higher in IU relative to lower IU would display larger reaction times, skin conductance and corrugator supercilli activity when making decisions on uncertain stimuli vs. certain stimuli.
If IU is related to anticipatory physiological responses across uncertain contexts then IU likely serves to modulate anticipatory mechanisms generally. 
Procedure
On the day of the experiment participants arrived at the laboratory and were informed on the experimental procedures. Firstly, participants were seated in the 
Tasks
All tasks were designed using E-Prime 2.0 software (Psychology Software Tools Ltd, Pittsburgh, PA). Visual stimuli were presented at a 60 Hz refresh rate on an 800 x 600 pixel computer screen. Participants sat approximately 60 cm from the screen.
Associative threat learning task:
The experimental design for the associative threat learning task was identical to previous work (Morriss & van Reekum, Under Review) . Participants were required to passively view cues that predicted a threat or safe outcome. Participants did not receive instructions about the threat/safe contingencies and were simply told to pay attention to the squares and sounds.
Visual stimuli were blue and yellow squares with 183 × 183 pixel dimensions.
The aversive sound stimulus was presented through headphones. The sound consisted of a threat inducing female scream used in previous experiments (Morriss et al., 2015; . The volume of the sound was standardized across 
participants by using fixed volume settings on the presentation computer and was verified by an audiometer prior to each session (90 dB).
The task comprised of two learning phases: acquisition and extinction. Both acquisition and extinction consisted of two blocks each. In acquisition, one of the coloured squares (blue or yellow) was paired with the aversive 90 dB sound 50% of the time (CS+), whilst the other square (yellow or blue) was presented alone (CS-).
During extinction, both the blue and yellow squares were presented in the absence of the US.
The acquisition phase consisted of 24 trials (6 CS+ paired, 6 CS+ unpaired, 12 CS-) and the extinction phase 32 trials (16 CS+ unpaired, . Experimental trials were pseudo-randomised such that the first trial of acquisition was always paired and then after all trial types were randomly presented. Conditioning contingencies were counterbalanced, with half of participants receiving the blue square paired with the US and the other half of participants receiving the yellow square paired with the US. The coloured squares were presented for a total of 4000 ms. The aversive sound lasted for 1000 ms, which coterminated with the reinforced CS+'s. Subsequently, a blank screen was presented for 6000 -8000 ms (see Figure   1 ).
At the end of each block, participants were asked to rate how much they expected the blue square and yellow square to be followed by the sound stimulus, where the scale ranged from 1 ("Don't Expect") to 9 ("Do Expect"). Two other 9-point Likert scales were presented at the end of the task. Participants were asked to rate:
(1) the valence and (2) arousal of the sound stimulus. The scales ranged from 1 (Valence: very negative; Arousal: calm) to 9 (Valence: very positive; Arousal:
Basic threat uncertainty task:
The experimental design for the basic threat uncertainty task was similar or previous work (Gole et al., 2012; Grupe & Nitschke, 2011; Schienle et al., 2010) .
Participants were required to passively view cues that predicted certain negative, certain neutral or uncertain negative/neutral pictures. Participants were instructed as to which cue predicted a given outcome.
Cues consisted of white courier text with 48 font size (e.g. X, O, ?) presented centrally on a black background. The 'X' signified that the participant would receive a certain negative picture. The 'O' signified that the participant would receive a certain neutral picture. The '?' signified that the participant could receive a negative or neutral picture.
Thirty-six pictures from the international affective picture system (IAPS) were presented (Lang, Bradley, & Cuthbert, 2005 ) (for picture list see Table 1 ). Half of the pictures comprised of negative content (i.e. war, accidents, mutilation, infants in distress) and the other half contained neutral content (i.e. work, children and adults in neutral settings, objects). Based on the original ratings from the IAPS battery, negative pictures were significantly more negative in valence and arousing than neutral pictures, p's < .001. Negative and neutral pictures did not vary in complexity or luminosity, p's > .4. Pictures were presented to fit the 800 x 600 pixel dimensions of the screen.
The task consisted of 36 trials (12 certain negative, 12 certain neutral, 6 uncertain negative, 6 uncertain neutral). Experimental trials were randomised. The pictures were pseudo-randomised such that pictures with similar content would appear in each of the above conditions equally e.g. pictures of war would be shown
in both certain negative and uncertain negative conditions. The cue was presented for 4000 ms. The following picture was presented for 4000ms. Lastly, a blank screen was presented for 6000 -8200 ms (see Figure 1 ).
Two other 9-point Likert scales were presented at the end of the experiment.
Participants were asked to rate: (1) the valence and (2) arousal of the uncertain cue.
The scales ranged from 1 (Valence: very negative; Arousal: calm) to 9 (Valence: very positive; Arousal: excited).
Decision-making under uncertainty task:
Participants were required to categorise whether a given circle would be 
Questionnaires
STAI (Spielberger, Gorsuch, Lushene, Vagg, & Jacobs, 1983) and IU questionnaires (Freeston, Rhéaume, Letarte, Dugas, & Ladouceur, 1994) were measured.
Behavioural data scoring
Rating data were reduced for each participant by calculating their average responses for each experimental condition using the E-Data Aid tool in E-Prime (Psychology Software Tools Ltd, Pittsburgh, PA).
Associative threat learning task:
Average expectancy ratings were calculated for the following conditions (Acquisition CS+, Acquisition CS-, Extinction Early CS+, Extinction Early CS-, Extinction Late CS+, Extinction Late CS-).
Decision-making under uncertainty task:
Reaction times under 200ms were discarded. Remaining reaction times greater or equal to 200ms were z--scored to control for interindividual differences in reaction time. The reaction times were averaged for each trial type (Circles 1-7, from small to large) and then collapsed over the following conditions: Certain (Circles 1 and 7), Mildly Uncertain (Circles 2 and 6), Quite Uncertain (Circles 3 and 5) and Very Uncertain (Circle 4).
Choices were coded into 1 and 0, stimuli that were predicted as bigger were assigned a value of 1 and stimuli that were predicted as smaller were assigned a value of 0. Average values for each condition (Circles 1-7, from small to large) essentially acted as subjects' probability of stimulus size. For example, a value of 1,
meant that the subject always picked bigger, whilst a value of .5 meant that the subject picked between bigger and smaller equally.
Physiological acquisition
Physiological recordings were obtained using AD Instruments (AD Instruments Ltd, Chalgrove, Oxfordshire) hardware and software.
Electrodermal activity was measured with dry MLT116F silver/silver chloride bipolar finger electrodes that were attached to the distal phalanges of the index and middle fingers of the non-dominant hand. A low constant-voltage AC excitation of 22 mV rms at 75 Hz was passed through the electrodes, which were connected to a ML116 GSR Amp, and converted to DC before being digitized and stored. An ML138
Bio Amp connected to an ML870 PowerLab Unit Model 8/30 amplified the skin conductance signal, which was digitized through a 16-bit A/D converter at 1000 Hz.
Facial EMG measurements of the corrugator supercilii muscles were obtained by using two pairs of 4 mm Ag/AgCl bipolar surface electrodes connected to the ML138 Bio Amp. The centres of each pair of bipolar surface electrodes were approximately 15 mm apart. The reference electrode was a singular 8mm Ag/AgCl electrode, placed upon the middle of the forehead, and connected to the ML138 Bio Amp. Before placing the EMG sensors the skin site was cleaned with distilled water and slightly abraded with isopropyl alcohol skin prep pads, to reduce skin impedance to an acceptable level (below 20kΩ).
Physiological scoring
The physiological parameters were extracted using AD Instruments software. (Dawson et al., 2000) . The amplitude of each response was scored as the difference between the onset and the offset (maximum deflection prior to the signal flattening out or decreasing). SCR onsets and offsets were counted if the SCR onset was within 0.5-3.5 seconds following CS onset (Morriss, Chapman, Tomlinson, & Van Reekum, 2018) . Trials with no discernible SCRs were scored as zero. SCR magnitudes were square root transformed to reduce skew and were z-scored to control for interindividual differences in skin conductance responsiveness (Ben-Shakhar, 1985) . SCR magnitudes were calculated from remaining trials by averaging SCR transformed values and zeros for each condition (Acquisition CS+, Acquisition CS-, Extinction
Early CS+, Extinction Early CS-, Extinction Late CS+, Extinction Late CS-).
A high-pass filter at 20hz was applied to the raw corrugator online (Solnik, DeVita, Rider, Long, & Hortobágyi, 2008) . The corrugator signal was root mean squared offline (Fridlund & Cacioppo, 1986) . Baseline corrected second by second means over the course of the CS (4 seconds) were extracted for corrugator supercilii. Baseline mean values were taken from the 2 second period before each trial began. The corrugator supercilii was extracted for each condition (Acquisition CS+, Acquisition CS-, Extinction Early CS+, Extinction Early CS-, Extinction Late CS+, Extinction Late CS-).
Basic threat uncertainty task:
As above, the same criteria were applied to SCR and EMG during the basic threat uncertainty task. SCR onsets and offsets were 
Decision-making under uncertainty task:
The same criteria were applied to SCR and EMG during the decision-making under uncertainty task. SCR onsets and offsets were counted if the SCR onset was within 0.5-3.5 seconds following the decision array. SCR magnitudes were calculated from remaining trials by averaging SCR transformed values and zeros for each condition (Circles 1-7, from small to large).
Baseline corrected second by second means over the course of the decision array (4 seconds) were extracted for corrugator supercilii. Baseline mean values were taken from the 2 second period before each decision array began. The corrugator supercilii was extracted for each condition (Circles 1-7. from small to large).
U
For SCR and corrugator supercilii, the trial types were collapsed into: Certain (Circles 1 and 7), Mildly Uncertain (Circles 2 and 6), Quite Uncertain (Circles 3 and 5) and Very Uncertain (Circle 4).
Behaviour and physiology analysis
The analyses were conducted using the mixed procedure in SPSS 21.0 (SPSS, Inc;
Chicago, Illinois). For all models a diagonal covariance matrix was used for level 1.
Random effects included a random intercept for each individual subject, where a variance components covariance structure was used. A maximum likelihood estimator and the least significance difference procedure for pairwise comparisons was used for the multilevel models. The following individual difference predictor variables were entered into all of the multilevel models: IU and STAI.
The specificity of IU with respect to STAI is reported when a significant interaction was observed i.e. IU with Stimulus, Time or Second. Then, follow-up pairwise comparisons are performed on the estimated marginal means, adjusted for the predictor variables (IU, STAI). Any interaction with IU was followed up with pairwise comparisons of the means between the conditions for IU estimated at the specific values of + or -1 SD of mean IU (Morriss, Macdonald & van Reekum, 2016; Morriss, McSorely & van Reekum, 2017) . These data are estimated from the multilevel model of the entire sample, not unlike performing a simple slopes analysis in a multiple regression analysis.
Associative threat learning task:
Separate multilevel models were conducted on expectancy ratings and SCR magnitude for each phase (Acquisition, Extinction).
For expectancy ratings and SCR magnitude during the acquisition phase, Stimulus and Second (1,2,3,4) at level 1 and individual subjects at level 2. Lastly, to assess the impact of cue on corrugator supercilii activity during the picture, another model was conducted where Cue (Certain, Uncertain), Picture (Negative, Neutral) and Second (1,2,3,4) were entered at level 1 and individual subjects at level 2.
Decision-making under uncertainty task:
Choices to the decision array were assessed by including Levels of Uncertainty (Circles 1-7, from small to large) at level 1 and individual subjects at level 2.
Reaction time and SCR magnitude to the decision array was assessed by 
Uncertain) at level 1 and individual subjects at level 2. Furthermore, corrugator supercilii activity to the decision array was assessed by including Levels of Uncertainty (Certain, Mildly Uncertain, Quite Uncertain and Very Uncertain) and Second (1,2,3,4) at level 1 and individual subjects at level 2.
Results

Questionnaires
Similar distributions and internal reliability of scores were found for the self-report Figure. 2). In contrast, higher IU (1 SD above the mean) was associated with greater SCR magnitude to CS+ vs. CS-in both early extinction, p = .05, and late extinction, p = .011. Furthermore, low IU was associated with reduced SCR magnitude to the CS+ from early to late extinction, p = .012, and an increase in SCR magnitude to the CS-from early to late extinction, p = Figure 2) . No other significant interactions between Stimulus or Second x IU or STAI were observed for corrugator supercilii activity during extinction, max F = 2.911. Table 3 ). No other significant interactions between Cue x Picture x IU or STAI for corrugator supercilii activity were observed, max F = 3.514.
Basic threat uncertainty task
SCR:
n c e r t a i n t y u n d e r d i f f e r e n t c o n t e x t
Decision-making under uncertainty task
Three subjects missed responses to over half of the conditions and therefore were excluded from the analysis of the decision-making task.
Behavioural responses:
Subjects predicted circle size as expected, such that there were significant differences in choices based on probability, particularly for 
Discussion
Here anticipatory physiological responses to uncertainty in three different contexts (associative threat learning, basic threat uncertainty, decision-making) within the same sample were examined. IU made different contributions to anticipatory physiological responses during each task. IU was found to modulate both SCR 
magnitude and corrugator supercilii activity for the associative threat learning and decision-making contexts. However, STAI was found to modulate corrugator supercilii activity during the basic threat uncertainty context. Taken together this research helps us further dissect the role of IU during different uncertain contexts.
For the associative threat learning task, typical patterns of threat acquisition were observed, such that larger SCR magnitude, corrugator supercilii activity and expectancy ratings were found for the learned threat vs. safety cues (for review see, Lonsdorf et al., 2017) . In addition, effects of threat extinction were observed as larger SCR magnitude and expectancy ratings were found for the early part of the extinction phase, relative to the late part of extinction phase. As expected, higher IU was associated with reduced threat extinction, as shown by larger SCR magnitude and corrugator supercilii activity to learned threat vs. safety cues across the extinction phase. The observed IU-related effects on SCR magnitude and corrugator supercilii activity during extinction were specific to IU, over STAI. These results replicate prior work which has shown that high IU is associated with poorer extinction outcomes (Dunsmoor et al., 2015; Lucas et al., 2018; Morriss et al., 2015; Morriss, Christakou, et al., 2016; Morriss, Macdonald, et al., 2016) . Overall, the findings from the current study provide further evidence that threat extinction may induce uncertainty-related anxiety in individuals who score higher in IU because threat extinction is inherently uncertain, as the contingencies are unknown.
In the basic threat uncertainty task, similar patterns of physiological responses to previous research were observed (Grupe et al., 2011) . For example, larger SCR magnitude was found to the certain negative cue, relative to the certain neutral and uncertain cues. Additionally, larger SCR magnitude and corrugator supercilii activity was observed for negative, compared to neutral pictures (Lang & Bradley, 2010;  U Bradley, & Hamm, 1993 ). An interaction between the cue, picture and STAI revealed that higher STAI was associated with larger corrugator supercilii activity to negative images that followed an uncertain and certain cue, whilst lower STAI was associated with only larger corrugator supercilii activity to certain versus uncertain negative images. Importantly, the observed STAI-related effects on corrugator supercilii activity during the basic threat uncertainty task were specific to STAI, over IU. Although these results were not expected, the results aren't surprising given the lack of reported IU effects on physiological measures during these type of tasks (Bennett et al., 2018; Grupe & Nitschke, 2011) . There may be multiple reasons for this result: (1) the task is not that uncertain given the known contingencies and therefore is not as motivationally relevant to individuals who score high in IU, and (2) the task presents many different types of negative images, tapping into broader negative affective states i.e. disgust, sadness, and fear, which may be more motivationally relevant for STAI, given that the items are relevant for both anxiety and depression (Grös, Antony, Simms, & McCabe, 2007) .
For the decision-making under uncertainty task, all participants gave the typical choices when predicting whether a hypothetical circle would likely be bigger or smaller than the one that was presented. For example, if the circle presented was small than participants were more likely to pick that the circle under the hash sign would likely be bigger. Notably, high IU, relative to low IU was associated with better choice accuracy (e.g. more accurate probabilities). This result may be interpreted to reflect differences in motivational relevance for high and low IU individuals. High IU individuals may have been more engaged in the task in order to reduce uncertainty.
In addition, high IU individuals relative to low IU individuals exhibited reduced corrugator supercilii activity during the anticipation of making a decision to certain 
stimuli, compared to uncertain stimuli. This can be interpreted as High IU individuals expressing relief during certain stimuli and expressing distress during uncertain stimuli. Lastly, lower IU was associated with larger SCR magnitudes to the uncertain stimuli, relative to certain stimuli. Whilst this effect for SCR magnitude was in the opposite direction for higher IU, albeit not significant. These results are difficult to interpret, as heightened arousal to uncertainty would be expected for high IU.
However, given the corrugator supercilii results with IU during the decision-making task, these changes in SCR magnitude may reflect arousal from liking uncertain stimuli in low IU individuals. Additional research is needed to clarify the extent to which arousal in this decision-making task is related to liking/distress.
Taken together the results from the decision-making task are in line with previous work related to IU, showing that high IU individuals may seek to reduce uncertainty (Jacoby et al., 2014; Jacoby et al., 2016; Ladouceur et al., 1997) , and may feel relief from certainty. Previous work has shown individual differences in IU to modulate decision-making during tasks with valenced outcomes Luhmann et al., 2011; Tanovic, Hajcak, et al., 2018; Tanovic, Pruessner, & Joormann, 2018) . Here it was shown that individual differences in IU modulate decision-making in the absence of valenced outcomes or consequences, thus suggesting that anticipating making a decision under uncertainty is enough to induce heightened physiological responses. Notably, during this task no feedback was given, which may have ramped up the uncertainty for high IU individuals. It will be important in future research to examine decision-making under uncertainty with feedback, as well as different valenced outcomes, in order to examine whether these parameters change IU-related physiological profiles. (Carleton, 2016b, p 31) . Perhaps, another potential avenue of research in IU is to examine not only the parameters of certaintyuncertainty but also known-unknown (see Fig 6) .
In order to assess the generalisability of the physiological profiles observed in this study, it will be important to examine the role of IU on anticipatory responses using other measures (i.e. behavioural, physiological and neural) and samples. In addition, further work is needed to examine how different levels of uncertainty/unknowns in the absence and presence of valenced outcomes across contexts modulate these IU-related physiological profiles (Shihata et al., 2016) . Such research will be important because it may reveal underlying mechanisms that serve as common denominators across IU-related psychopathology. This is in line with the Research Domain Criteria (Insel et al., 2010) , which aims to identify dimensions of 
observable behaviours that underpin mental health problems across diagnostic boundaries. Ultimately, this body of research will feed into developing future transdiagnostic models of IU.
The current study had a number of shortcomings. The uncertain contexts that were examined were based on the most popular areas of research on uncertainty (Morriss, Gell & van Reekum, 2019) .There may have been other uncertain contexts that would be relevant to address and which have been missed here (i.e. attentional inhibition, perception). Furthermore, there may have been more elegant ways to subdivide the different uncertain contexts (e.g. uncertainty/unknowns and aversion/reward outcomes). There are other psychophysiological measures that should be examined in relation to IU and different uncertain contexts i.e. startle, heart rate variability. The experiment was conducted on a relatively small sample from the UK as a proof of concept. To assess the robustness of these effects future research should aim to use larger and more diverse samples from around the world.
In conclusion, these initial results provide insight into how IU is related to anticipatory physiological responses during different types of uncertainty, which will be relevant for understanding uncertainty-induced anxiety and potential treatment targets (Carleton, 2016a (Carleton, , 2016b Grupe & Nitschke, 2013 another circle shown in the array. This effect was particularly evident at the most certain circles (1 and 7). Choices were coded into 1 and 0, stimuli that were predicted as bigger were assigned a value of 1 and stimuli that were predicted as smaller were assigned a value of 0. Average values for each condition (Circles 1-7, from small to large) acted as subjects' probability of stimulus size. Note: Choices were coded into 1 and 0, stimuli that were predicted as bigger were assigned a value of 1 and stimuli that were predicted as smaller were assigned a value of 0. Average values for each condition (Circles 1-7, from small to large) acted as subjects' probability of stimulus size. For example, a value of 1, meant that the subject always picked bigger. SCR magnitude (√μS), square root transformed and zscored skin conductance magnitude measured in microSiemens. Baseline corrected corrugator supercilii activity (μV), measured in microVolts. Reaction times (ms), z-scored reaction times measured in milliseconds.
